Background: It was reported that 35.5% of tuberculosis (TB) cases reported in 2003 in Taipei City had no recorded pretreatment body weight and that among those who had, inconsistent dosing of anti-TB drugs was frequent. Taiwan Centers for Disease Control (CDC) have taken actions to strengthen dosing of anti-TB drugs among general practitioners. Prescribing practices of anti-TB drugs in Taipei City in 2007-2010 were investigated to assess whether interventions on dosing were effective.
Introduction
Tuberculosis (TB) services were provided by general practitioners in Taiwan. TB was a notifiable disease by law. Completeness of TB notification in Taiwan has been investigated; 96.3% of patients who were prescribed 2 or more anti-TB drugs in 2005-2007 were notified to Taiwan Centers for Disease Control (CDC) [1] . Prescription of adequate dosage of anti-tuberculosis drugs is essential in the treatment of TB [2, 3] . Chiang and colleagues assessed general practitioners' prescribing practice of anti-TB medicines in Taiwan and reported that 35.5% of TB cases reported in the year 2003 in Taipei City had no recorded pretreatment body weight and that among those who had, inconsistent dosing of anti-TB drugs was frequent [4] . Of 506 patients prescribed a three-drug fixed-dose combination (FDC), the dosage was consistent with guidelines in 374 (73.9%), too low in 100 (19.8%) and too high in 32 (6.3%). Of 481 patients prescribed rifampicin (R, RMP), the dosage was consistent with guidelines in 302 (62.8%), too low in 152 (31.6%) and too high in 27 (5.6%). Of 451 patients prescribed isoniazid (H, INH), the dosage was consistent with guidelines in 396 (87.8%), too low in 29 (6.4%) and too high in 26 (5.8%).
Prescription of anti-TB drugs within national TB programme (NTP) routinely follows NTP manual and is usually more standardized than that among general practitioners. Studies conducted under programme conditions reported that the proportions of patients with recorded pre-treatment body weight were 73% in Kenya, 82% in Nepal, 98% in Senegal and 98% in Malawi [5, 6] . Among those with recorded pretreatment body weight, the proportion of patients prescribed adequate dosages of INH was 35% in Malawi, 33.7% in Kenya, 14 .7% in Nepal and 14.5% in Senegal, and the proportion of patients prescribed adequate dosage of RMP was 96% in Malawi, 76.5% in Kenya, 77.3% in Nepal and 92.9% in Senegal.
Review of prescribing practices has been indicated as an essential tool for measuring the quality of TB services [7] . The question is whether inconsistent dosing of anti-TB drugs among general practitioners can be corrected by proper interventions. Findings of inconsistent dosing of anti-TB drugs in Taipei were reported to Taiwan CDC in December 2005. Thereafter, Taiwan CDC and health authorities have taken actions to address inconsistent dosing of anti-TB drugs. Collaboration between Taiwan CDC and professional societies (such as Taiwan Society of Tuberculosis, Taiwan Society of Pulmonary and Critical Care Medicine) was strengthened. Guidelines for diagnosis and treatment of TB were updated. Several TB training courses targeting general practitioners were held. Those who completed training were qualified as TB services providers. Those who had comprehensive training and passed an examination organized by Taiwan Society of Tuberculosis were certified as TB specialists. TB expert committees were organized to provide guidance in the diagnosis and treatment of TB. In 2006, TB treatment cards were revised to capture pretreatment body weight. In the past Taiwan CDC restricted its activities to public health function and did not intervene in clinical practice. This approach was changed in 2007 when public health nurses were trained to assess prescribing practices in the treatment of TB. In case of inconsistent dosing, public health nurses would contact prescribing clinicians, and if inconsistency remains after initial contact, would report such cases to TB expert committees for further elaboration. TB expert committees held meetings periodically to review TB cases whose diagnosis or treatment was judged to be problematic by public health nurses. Recommendations of TB expert committees were communicated to general practitioners who must respond (agree or disagree) to expert committee's recommendation. In 2008, Taiwan CDC collaborated with the national health insurance (NHI) program to promote standardized anti-TB regimens; reimbursement was drastically reduced in case of inconsistent dosing of anti-TB drugs [8, 9] .
To assess whether these interventions on dosing were effective, a clinical audit was done to investigate prescribing practices of anti-TB drugs in Taipei City in 2007-2010. Primary objective was to assess whether there was difference between 2003 and 2007-2010 in prescribing practice of anti-TB drugs in Taipei City. Secondary objective was to investigate factors associated with inconsistent dosing of anti-TB drugs. We report results of this investigation.
Materials and Methods

Research questions
We tested the null hypothesis that interventions addressing inconsistent dosing were not effective and that there was no difference between 2003 and 2007-2010 in terms of the proportion of patients with recorded pretreatment body weight and the proportions of patients with consistent dosing of 3-drug FDC, 2-drug FDC, RMP, and INH. We extended the audit to ethambutol (E, EMB) and pyrazinamide (Z, PZA) as well.
Study population
The study population included all individuals with culture positive for Mycobacterium tuberculosis who were citizens of Taipei City reported to Taiwan CDC in the calendar year 2007-2010. Lists of all notified TB cases of Taipei City in 2007-2010 were obtained from National TB Registry at Taiwan CDC. Each TB case had a case management file maintained by public health nurses at Department of Disease Control and Prevention, Taipei City Department of Health. It contained information on history of TB, sputum examinations (smear, culture, identification, and susceptibility testing), body weight, prescription of anti-TB drugs (type of drugs and dosage), outcome of treatment, as well as age, sex, symptom profiles, family history of TB, concomitant diseases (diabetes, liver diseases, renal disease, gastrectomy, cancers, use of steroids, HIV, etc), smoking, use of alcohol beverage, and contact examinations. A structured questionnaire was designed for this audit and a team of 11 individuals were organized; the majority of them were senior nurses with substantial experience of TB services. The questionnaire was discussed, pilot tested, and revised for 4 times before it was finalized for data collection. A medical audit of TB case management files was performed in 2011 to collect pretreatment body weight and regimens prescribed at commencement of treatment. Dosages prescribed were compared with dosages recommended by Taiwan Guidelines for the diagnosis and treatment of TB [10] . Modification of regimens after initial prescription was not assessed. Each completed questionnaire was double checked by another team member to ensure accuracy and consistency of data collection. 
Dosing of fixed-dose combinations
Two types of FDC of anti-TB drugs were available in Taiwan, one containing three and the other two drugs. The three-drug tablet (Rifater) contains INH 80 mg, RMP 120 mg and PZA 250 mg (the ratios of H:R:Z were 1:1.5:3.1). The two-drug tablet was available in two different forms, one (Rifinah150, RFN150) containing INH 100 mg and RMP 150 mg (the ratio of H:R was 1:1.5), and the other (Rifinah300, RFN300) with INH 150 mg and RMP 300 mg (the ratio of H:R was 1:2). Concerning the 3-drug FDC, Taiwan CDC recommended 3 tablets per day for adults weighing ,40 kg, 4 tablets for 40-49 kg and 5 tablets for $50 kg; and concerning the 2-drug FDC, 3 tablets of RFN150 (total H 300 mg+R 450 mg) for adults weighing ,50 kg and 2 tablets of RFN300 per day (total H 300 mg+R 600 mg) for adults weighing $50 kg.
Dosing of RMP in single-drug preparation
Taiwan CDC recommended 600 mg RMP for patients weighing $50 kg and 450 mg for those weighing ,50 kg. The alternative recommendation is to prescribe 10 milligrams per kilograms (mg/kg) body weight (range 8-12 mg/kg) with 600 mg as the maximal dose.
Dosing of INH in single-drug preparation
Taiwan CDC recommended 300 mg INH for the majority of patients and 200 mg for those with low body weight. Following the previous study, [4] patients weighing ,40 kg were defined as patients with low body weight. The alternative recommendation is to prescribe 5 (range 4-6) mg/kg body weight with 300 mg as the maximal dose.
Dosing of PZA in single-drug preparation
Taiwan CDC recommended 1500 mg PZA for patients weighing $50 kg and 1000 mg for those weighing ,50 kg. The alternative recommendation is to prescribe 25 (range 20-30) mg/ kg body weight with 2000 mg as the maximal dose.
Dosing of EMB in single-drug preparation
Taiwan CDC recommended 800 mg EMB for patients weighing 40-55 kg, 1200 mg for patients weighing 56-75 kg, and 1600mg for patients weighting 76-90 kg. The alternative recommendation is to prescribe 15 (range 15-20) mg/kg body weight. 
Data entry and analysis
To ensure accuracy of data entry, the complete data set was double entered separately by 2 team members, and validated using EpiData Entry 3.1 (EpiData Association, Odense, Denmark). Discrepant records were checked and corrected against the original data on the questionnaires. STATA Version 12 (StataCorp LP, College Station, Texas, USA) was used for statistical analysis. Categorical variables were analysed using Pearson's x2 test. P,0.05 was considered statistically significant. Relevant determinants were entered into multinomial logistic regression models in which the outcome variable had three categories: adequate dosage, lower-than-recommended dosage and higher-than-recommended dosage. Determinants remaining significant in the multinomial logistic regression models were retained and a final fitted model was determined by backward elimination using the likelihood ratio test.
Ethics
The study was approved by the Taiwan CDC review board and was funded by the Taiwan CDC. The study reviewed routine surveillance data recorded on national TB registry and TB case management files and did not involve any human participation. Therefore, the project was not considered to require review by an ethics committee and informed consent was waived. Table 1) .
Results
Basal characteristics of the population
Dosage appropriateness and consistency with guidelines
Of the 2990 patients, 2627(87.9%) were prescribed HRZE, 209(7.0%) HRE, 89 (3.0%) HRZ, and 65 (2.2%) other regimens. Of the 2990 patients, 2917(97.6%) were treated with RMP containing regimens, in which 1849(63.4%) were treated with a 3-drug FDC, 514(17.6%) a 2-drug FDC, and 553(19.0%) RMP.
Among the 1849 patients treated with a 3-drug FDC (Rifater), the dosage was consistent with Taiwan guidelines in 1622(87.7%), too high in 162(8.8%), too low in 65(3.5%). Figure 2 shows that the proportion of patients with consistent dosage of Rifater was 83.7% in 2007, which increased to 91.4% in 2010 (P,0.001).
Of the 514 patients treated with 2-drug FDCs, 125 were treated with RFN150, 384 with RFN300, and 5 patients with both RFN150 and RFN300. Among the 125 patients treated with RFN150, the dosage was consistent in 91(72.8%) patients, too high in 15(12.0%), and too low in 19(15.2%). The proportion of patients treated with too low a dosage of RFN150 was 27.8% in 2007, which decreased to 12.5% in 2010 (p = 0.138). Among the 384 patients treated with RFN300, the dosages were consistent with Taiwan guidelines in 347(90.4%), too high in 36(9.4%), and too low in 1(0.3%). The proportion of patients treated with too low A total of 825 patients were treated with PZA. Applying the Taiwan guidelines' recommendation, the dosage of PZA was adequate in 650(78.8%), too high in 71(8.6%), too low in 104(12.6%). The proportion of patients receiving too low a dosage of PZA was 19.8% in 2007, which decreased to 12.4% in 2010 (P = 0.001). (Figure 7 ) Applying 25 mg/kg (range 20-30) of PZA as the recommended dosage, the dosage was adequate in 75.2%, too high in 9.7%, too low in 15.2%.
Overall, among 2917patients treated with either Rifater, or Rifinah, or RMP in single-drug preparation, the dosage of RMP was adequate (8-12 mg/kg) in 2571(88.1%) patients, too high in 282(9.7%), too low in 64(2.2%). In multinomial logistic regression models, factors significantly associated with adequate dosage of RMP were body weight and preparations of RMP. (Table 2) Patients treated with Rifater (rrr 0.2, 95% confidence interval (CI) 0.1-0.4) and Rifinah300 (rrr 0.04, 95% CI 0.01-0.27) were less likely to have lower-than-recommended dose of RMP as compared with patients treated with RMP in single-drug preparation.
Overall, among 2954 patients treated with either Rifater, or Rifinah, or INH in single-drug preparation, the dosage of INH was adequate (4-6 mg/kg) in 783(26.5%), too high in 2155(73.0%), too low in 16(0.5%). In multinomial logistic regression models, factors significantly associated with adequate dosage of INH were body weight and preparations of INH. (Table 3 ) Patients treated with Rifater (rrr 12017.9, 95% CI 4215.9 -34258.2) and Rifinah150 (rrr 16.9, 95% CI 7.6 -37.6) were more likely to have higher-than-recommended dose of INH as compared with patients treated with INH in single-drug preparation.
Overall, among 2674 patients treated with either Rifater or PZA, the dosage of PZA is adequate (20-30 mg/kg) in 1974(73.8%) patients, too high in 88(3.3%), too low in 612(22.9%). In multinomial logistic regression models, factors significantly associated with adequate dosage of PZA were sex, body weight and preparations of PZA. (Table 4 ) Male (rrr 2.0, 95% CI 1.5-2.5), patients weighing $50 kg (rrr 2.7, 95% CI 1.5-4.8), and patients treated with Rifater (rrr 2.1, 95% CI 1.6-2.6) were more likely to receive lower-than-recommended dose of PZA as compared with other groups.
A total of 2841 patients were treated with EMB. The dosage of EMB was consistent with Taiwan guidelines for 1575(55.4%), too high for 125(4.4%), too low for 1141(40.2%). (Figure 8 ) Applying 15 mg/kg (range [15] [16] [17] [18] [19] [20] of EMB as the recommended dosage, the dosage was adequate for 1340(47.2%) patients, too high for 150(5.3%), too low for 1351(47.6%). In multinomial logistic regression models, factors significantly associated with adequate dosage of EMB were body weight and sex. (Table 5 ) Patients weighing $50 kg were more likely to receive lower-thanrecommended dose of EMB (rrr 7.9, 95% CI 4.3-14.6).
Comparison with the pre-intervention period 
Discussion
The study showed that it was possible to strength prescribing practice in the treatment of TB among general practitioners. The proportion of TB patients notified in Taipei City who did not have recorded pretreatment body reduced to none in 2010. The proportion of patients treated with consistent dosages of anti-TB drugs increased substantially and the proportion of patients treated with lower-than-recommended dosage reduced drastically. This was remarkable as it was usually difficult to involve general practitioners in TB services [11] [12] [13] [14] . Improvement in prescribing practice was observed prior to routinely capturing pre-treatment body weight, likely due to training of general practitioners and certification as TB services providers. Our experience demonstrated that it was feasible to train public health nurses in assessing adequacy in dosing anti-TB drugs. However, public health nurses were not able to directly advise general practitioners on prescription of anti-TB drugs, for which TB expert committee was essential. Taiwan CDC launched an ambitious plan in 2006 to reduce TB incidence by half in 10 years [15] and has been determined in tackling inadequate dosing of anti-TB drugs as it was not productive to hire outreach workers to perform directlyobserved therapy of inadequate anti-TB regimens. Collaboration with the NHI program in reducing reimbursement for inadequate dosing was a creative approach, which likely played an important role in ensuring adequacy in prescribing anti-TB drugs. However, we were not able to attribute impact of each intervention independently.
Prescribing practices of PZA and EMB were less satisfactory, especially EMB, partly because prescribing practicing of PZA and EMB was not analyzed in 2003, partly because the role of EMB in the treatment of TB was not as prominent as RMP and INH. Many practitioners in Taiwan were not used to prescribe more than 800 mg EMB, due to the concern of adverse drug effect of EMB. The impact of inadequate dosing of EMB related to outcome of treatment and generation of drug resistance need further evaluation.
Although prescribing practice has been more consistent with Taiwan guidelines, the preparation of Rifater available in Taiwan had unbalance ratios of INH, RMP and PZA (1:1.5:3.1), and RFN150 had an unbalance ratio of INH and RMP (1:1.5). As a result, dosing of RMP in an adequate range resulted in higherthan-recommended doses of INH in patients treated with Rifater and RFN150, and lower-than-recommended doses of PZA in patients treated with Rifater. This was not the case of RFN300 as the ratio of INH and RMP in each tablet of RFN300 was 1:2, which is consistent with the ratio of recommended dosages of INH and RMP in mg/kg body weight. To avoid over-dosing of INH and under-dosing of PZA, the preparations of FDCs must be modified [3] . Body weight was another important factor that was significantly associated with inadequate dosing of anti-TB drugs [16] . Patients who had relatively lower body weight were prone to receive higher-than-recommended dosage and those who had relatively higher body weight lower-than-recommended dosage. The exception is INH. The majority of patients were treated with .6mg/kg INH, due to inadequate preparation of FDCs and the recommendation of 300mg INH for the majority. It has been reported that a substantial proportion of patients who had unsatisfactory response to treatment had suboptimal serum concentration of RMP [17] , and that higher than currently recommended dose of RMP might be useful [18, 19] . Therefore, it is essential not to prescribe lower-than-recommended dosage of RMP. Recently WHO [20] published a Rapid Advise document with new dosage recommendations for the treatment of tuberculosis in children. Adequate dosing of anti-TB drugs in children also needs to be ensured.
In conclusion, prescribing practice in the treatment of TB in Taipei City has remarkably improved after health authorities implemented a series of interventions. To have further improvement on dosing of anti-TB drugs, inadequate preparation of FDCs needs to be addressed and prescribing practice of EMB needs additional attention. Other settings where prescribing practice of anti-TB drugs have not yet been assessed should be encouraged to conduct similar clinic audits. 
